Introduction. Cesarean section (CS) rate is a well-established indicator of performance in maternity care and is also related to resource use. Case mix adjustment of CS rates when performing comparisons between hospitals is important. The objective of this study was to estimate case mix adjusted variation in CS rate between hospitals in Sweden. Material and methods. In total, 139 756 deliveries in 2011 and 2012 were identified in administrative systems in seven regions covering 67% of all deliveries in Sweden. Data were linked to the Medical birth register and population data. Twenty-three different sociodemographic and clinical characteristics were used for adjustment. Analyses were performed for the entire study population as well as for two subgroups. Logistic regression was used to analyze differences between hospitals. Results. The overall CS rate was 16.9% (hospital minimum-maximum 12.1-22.6%). Significant variations in CS rate between hospitals were observed after case mix adjustment: hospital odds ratios for CS varied from 0.62 (95% CI 0.53-0.73) to 1.45 (95% CI 1.37-1.52). In nulliparous, cephalic, full-term, singletons the overall CS rate was 14.3% (hospital minimum-maximum: 9.0-19.0%), whereas it was 4.7% for multiparous, cephalic, full-term, singletons with no previous CS (hospital minimum-maximum: 3.2-6.7%). In both subgroups significant variations were observed in case mix adjusted CS rates. Conclusions. Significant differences in CS rate between Swedish hospitals were found after adjusting for differences in case mix. This indicates a potential for fewer interventions and lower resource use in Swedish childbirth care. Best practice sharing and continuous monitoring are important tools for improving childbirth care.
Introduction
Sweden has low cesarean section (CS) rates in international comparisons. However, the rate has been increasing from 11% in 1990 to 18% in 2014, an increase that is only to a limited extent attributable to changes in maternal characteristics (1, 2) . This means that Sweden now has
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ª 2017 Nordic Federation of Societies of Obstetrics and Gynecology, Acta Obstetricia et Gynecologica Scandinavica 96 (2017) 597-606 a higher rate of CS than the World Health Organization recommendation of 10-15% (3). More recent crosscountry evidence from almost 200 World Health Organization member states by Molina et al. indicates that an increasing CS rate is associated with lower maternal and neonatal mortality up to a CS rate of around 19%, beyond which no beneficial effects were observed (4). Molina et al. only analyzed the impact of CS rate on mortality, but an abundance of research has demonstrated the potential negative impact of CS on maternal and neonatal morbidity (5) (6) (7) . Moreover, CS rate is a well-established indicator of quality in maternity care (8) (9) (10) and is associated with substantially higher resource use compared with vaginal delivery (6, 11, 12) , which further underlines its relevance as an indicator of health care performance.
Monitoring the CS rate at hospital level has often been performed using the Robson classification. The objective of the Robson classification is to allow for comparisons between hospitals, to understand contributors to CS rates and thereby to provide a tool for clinical improvement (13) . However, this classification does not fully account for differences in patient populations between hospitals and the importance of using risk-adjusted CS rates has been highlighted (10, 14, 15) . Information on case mix adjusted differences between hospitals offers opportunities for improved comparisons of hospital performance, for identification of best practice, and for clinical improvement.
There are significant variations in CS rate between Swedish regions and hospitals. In 2014, the CS rate varied between 11.6% in Region € Osterg€ otland and 21.6% in Stockholm (1) . Differences in case mix have been suggested as a potential reason for these variations. Casemix-adjusted variations in CS rate for a number of different countries have been presented (15) (16) (17) (18) (19) (20) (21) (22) but no such comparisons between hospitals in Sweden have previously been published. Furthermore, few previous studies have included both administrative data and medical record data as well as sociodemographic information in case mix adjustment.
The objective of this study was to estimate the variation in CS rate between hospitals in Sweden, with adjustment for a comprehensive set of case mix factors.
Material and methods
Women giving birth during 2011 and 2012 were identified through International Classification of Diseases 10th revision (ICD-10) codes O80-O84 in patient administrative systems from seven Swedish regions that elected to participate in the Sveus program, a research project that aims at developing systems for value-based monitoring of health care (J€ amtland H€ arjedalen, € Osterg€ otland, Dalarna, Uppsala, Sk ane, Stockholm, and V€ astra G€ otaland). These regions together cover 67% of all deliveries in Sweden (23) . Diagnoses in inpatient care and outpatient specialist care were extracted from patient administrative systems 2 years before admission for childbirth. To capture maternal factors not available in the patient administrative systems, such as parity, previous CS, and body mass index, data were extracted from the Medical Birth Register (24) , where information on Apgar score was also available. Information on women's country of birth was extracted from Statistics Sweden (25) . To allow for better assessment of medical history in administrative systems, women who gave birth in a region different from the one they lived in at the time of delivery were excluded from analysis (around 3% of all deliveries). To increase comparability of results, extremely and very preterm deliveries (before week 32 +0 of gestation), were also excluded from analysis (around 1% of all deliveries).
Hospitals were identified using information in the administrative systems and are here annotated with an abbreviation for the region followed by a specific abbreviation for each hospital. Two hospitals in Region € Osterg€ otland have organized care so that all elective CS are performed at one hospital. These two hospitals are presented jointly to ensure meaningful comparisons of total CS rate. Table 1 presents the regions and hospitals included in the analysis.
Mode of delivery was defined as CS in the presence of a main ICD-10 code of O82, O84.2 or any of the procedure codes MCA00, 10, 20, 30, 33, 96 . A comprehensive set of baseline characteristics was used to adjust CS rates: Sociodemographic factors (age, born outside the EU), obstetric characteristics (preterm delivery, multiple birth, fetal presentation, previous CS, parity, and body mass index at first prenatal appointment), presence of 14 different complications during pregnancy (see full list in Table 2 ) and presence of 14 different groups of comorbidities during the 2 years before admission for delivery (blood diseases, substance abuse, endocrine, and metabolic diseases, gynecological diseases, heart and vessel diseases, infectious diseases, liver diseases, lung diseases, neurological diseases, renal diseases, mental disorders, musculoskeletal diseases, bowel diseases, tumor diseases). Detailed definition of all factors are available in the Supplementary material (Table S1 ).
Analyses were carried out for the entire study population as well as for two important subgroups: nulliparous, cephalic, full-term, singletons (Robson groups 1 and 2) and multiparous, cephalic, full-term, singletons, with no previous CS (Robson groups 3 and 4) (13) . Because the two subgroups were defined based on parity and previous CS, and as non-cephalic presentations, multiple births, and preterm deliveries were excluded from the subgroups, these factors were naturally not included in the case mix adjustment within each subgroup.
The analysis of CS rate per hospital was performed in two steps.
1. For all deliveries and for each subgroup separately, multivariable logistic regression models were estimated to determine the impact, expressed as an odds ratio (OR), of the different case mix factors on the risk of CS. Using these regression algorithms, a predicted probability of CS for each woman was calculated, based on the woman's baseline characteristics (case mix factors). This method and results for a number of different indicators in childbirth care are presented in more detail in Mesterton et al. (26) . Expected rate of CS per hospital was derived by calculating average probability of CS among all women at that hospital. The results of this analysis are presented in the upper panel of the figures where each hospital's observed level is presented adjacent to its expected level. The expected level per hospital describes the hospital's case mix and the observed level can be used to understand each hospital's absolute and relative deviation from the expected level. 2. A formal test of each hospital's deviation from the mean CS rate was performed using a logistic regression analysis with a dummy variable for each hospital, consistent with recommendations by Capon et al. (27) . This analysis was also carried out separately for all deliveries and by subgroup. Hospital effects were derived using effect coding to estimate each hospital's case mix adjusted deviation (expressed as an OR) from the weighted average of all hospitals (the population mean). The analysis was conducted using a fixed effects logistic regression analysis with robust standard errors and the results of these analyses are presented in the lower panel of the figures.
The potential relation between CS rate and neonatal outcome was investigated using Apgar score. Because of its strong link to neonatal mortality and severe neonatal morbidity, Apgar score <4 at 5 min was used as an indicator of the condition of the newborn (28) (29) (30) . The relation between CS rate and proportion of newborn with low Apgar was investigated by plotting each hospital's case mix adjusted deviation in CS rate against the casemix-adjusted deviation in proportion with low Apgar. The Spearman correlation coefficient was used to determine the strength of the relation. All statistical analysis was carried out using STATA 13.1 (STATA Corporation, College Station, TX). The regional ethics committee at Karolinska Institutet, Stockholm, Sweden approved the study protocol (Dnr 2013/447-31/5, 2013/1686-32).
Results
Descriptive statistics on the case mix factors used to adjust CS rate are presented in Table 2 . To illustrate variation between hospitals in each of the case mix factors, the lowest and highest hospital average for each factor are also presented. Significant variations in sociodemographic profile were observed. Factors such as parity, previous CS, and multiple births also differed between hospitals. There was substantial variation between lowest and highest observed proportion of women with complications during pregnancy, which may reflect differences in risk-profile between hospitals but also to some extent differences in coding practice. The impact of each case mix factor, based on the logistic regression analysis, on CS and on Apgar score <4 at 5 minutes are presented in Table 3 . Figure 1 presents each hospital's CS rate, along with its expected rate (based on each hospital's case mix) and case mix adjusted deviation from the overall mean. Information on the number of deliveries, as well as the exact underlying numbers of all figures, is presented in the Supplementary material (Tables S2-S4 ). The mean CS rate was 16.9% and the observed CS rate by hospital varied between 12.1% and 22.6%. The large variation in expected rate of CS between hospitals, from 13.7% at Skaraborg hospital to 19.9% at Karolinska university hospital Solna, reflect underlying differences in case mix between hospitals.
The lowest CS rate after adjustment was observed at € Ostersund hospital, where the odds of CS were 38% lower than the population mean after adjustment for case mix (OR 0.62; 95% CI 0.53-0.73). The hospitals in Region € Osterg€ otland (OR 0.67; 95% CI 0.63-0.73) and Sk ane university hospital Malm€ o (OR 0.68; 95% CI 0.63-0.73) also had low CS rates. The highest rate was observed at Danderyd hospital, where the odds of CS were 45% higher after case mix adjustment (OR 1.45; 95% CI 1.37-1.52). Among the 20 hospitals, seven had significantly lower case mix adjusted CS rate than the population mean, while six had significantly higher rate and seven hospitals did not differ significantly from the population mean.
When ranking the 20 hospitals from lowest to highest CS rate, there were several noteworthy differences between the rankings based on unadjusted CS rate and adjusted CS rate. For example, Sk ane university hospital Lund ranked 16th in unadjusted CS rate, but 9th after adjustment for case mix (OR 0.98). Similarly, Sahlgrenska university hospital € Ostra ranked 12th in unadjusted CS rate, but 5th in case mix adjusted CS rate. The size of the deviation from the population mean was also impacted by adjustment for case mix. One example is S€ odert€ alje hospital, which had an observed CS rate only slightly higher than the population mean, but which had a significantly higher CS rate after adjustment for case mix (OR 1.27; 95% CI 1.13-1.42). In the subgroup analysis of nulliparous, cephalic, fullterm singletons (Figure 2 ), the mean CS rate was 14.3% and varied between hospitals from 9.0% to 19.0%, before case mix adjustment. The hospitals in Region € Osterg€ otland had the lowest case mix adjusted rate (OR 0.63; 95% CI 0.56-0.71), and Danderyd hospital had the highest case mix adjusted rate (OR 1.42; 95% CI 1.32-1.52).
In the subgroup analysis of multiparous, cephalic, fullterm singletons without previous CS (Figure 3) , the mean CS rate was 4.7%, with lowest and highest observed rates being 3.2% and 6.7%, respectively. The case mix adjusted variation between hospitals was similar in this subgroup, with odds ratios ranging between 0.68 and 1.53.
In general, the patterns observed in two subgroups were relatively similar: hospitals with a higher than expected CS rate in one subgroup tended to have higher than expected CS rate in the other subgroup as well and vice versa (correlation coefficient 0.44; p = 0.052). However, some hospitals performed differently in the two subgroups. One example is Falun hospital, which had significantly higher CS rate in nulliparous women (OR 1.19; 95% CI 1.04-1.37), but had significantly lower CS rate in multiparous women without previous CS (OR 0.68; 95% CI 0.53-0.87). The inverse pattern was observed for Sk ane university hospital Lund, which had a lower CS rate in nulliparous women (OR 0.86; 95% CI 0.76-0.97) but had a higher than expected CS rate in multiparous women without previous CS (OR 1.21; 95% CI 1.03-1.43). It would be interesting to investigate further why these hospitals have different performances in nulliparous and multiparous women.
In the entire study population the proportion of newborn infants with Apgar score <4 at 5 min was 0.32%. Figure 4 presents the relation between hospital performance in terms of both CS rate and proportion of newborn with low Apgar. As the figure shows, there were variations between hospitals in the proportion of newborn infants with low Apgar after adjustment for case mix. If a lower than expected CS rate were associated Age, body mass index and number of comorbidities were entered as continuous variables where the OR represents the impact of a one-unit change in the case mix factor. All other factors were entered as dichotomous variables where the OR represents the impact of having each factors as opposed to not having it. CS, cesarean section; EU, European Union; OR, odds ratio.
with a higher than expected proportion newborn with low Apgar, the figure would show a tendency for hospitals to be positioned in the upper left quadrant (low proportion CS and high proportion low Apgar) and in the lower right quadrant (high proportion CS and low proportion low Apgar). However, among hospitals with a higher than expected proportion of newborn infants with low Apgar (top half of figure), there were hospitals with both lower than expected and higher than expected CS rate. The formal test of correlation indicated no relation between the two indicators (correlation coefficient 0.020; p = 0.93). 
Discussion
This study demonstrated significant variations in CS rates between hospitals in Sweden after adjustment for differences in underlying patient populations. If all hospitals had performed as many CS as the 20% of hospitals with the lowest adjusted rate, more than 2200 fewer CS would be performed annually in the regions included in the study. This could be of benefit for women and children as CS is a procedure with intraoperative and postoperative . Association at hospital level between cesarean section rate and proportion of newborn infants with an Apgar score <4 at 5 min, both adjusted for case mix. The log odds ratio represents each hospital's deviation from the weighted average of all hospitals. Each bubble represents a hospital (see Table 1 for each hospital's number). The area of the bubble corresponds to the number of deliveries.
morbidity, and has consequences for future pregnancies and deliveries. The economic implications of the variations in CS rate are also substantial. Using "cost per patient" data (31) the mean inpatient cost for delivery was found to be €5997 for CS, compared with €2820 for a vaginal delivery. This implies a potential saving of €7 million annually in the seven regions studied during the initial admission for delivery alone. In addition, due to increased risk for complications, CS have been shown to be associated with higher costs of readmissions and in future deliveries (6, 7, 12 ). An important strength of this study is the comprehensive case mix adjustment, which allows for comparisons of actual performance between hospitals. As demonstrated in a previously published article, the case mix factors included in this analysis together had a high predictive ability of CS, with a c-statistic of 0.84 in the entire sample (26) . The variations in expected CS rate per hospital and the difference in hospital ranking between crude and adjusted CS rate observed in the present study further emphasize the importance of accounting for case mix in inter-hospital comparisons. The combination of administrative data, medical record data, and sociodemographic information provides a solid basis for adjustment for different patient characteristics. The large number of observations included allowed for reasonably precise estimates of hospital differences, with a large number of statistically significant differences observed. Moreover, the analysis of CS rates in two large subgroups of women provides additional insights into whether hospitals perform differently in different subgroups and in which subgroup variations between hospitals are most accentuated.
A limitation of the study is that the case mix adjustment is contingent on good-quality coding of the variables adjusted for. The large variation in frequency of certain complications during pregnancy may partly reflect differences in hospitals' patient populations but may also suggest that there are some differences in coding practice between hospitals. However, these complications are generally relatively rare and despite most of them being associated with higher risk of CS, they were not the largest drivers of differences in expected rates of CS between hospitals. Nevertheless, more harmonized coding practices would further improve the comparability between hospitals. It is worth pointing out that the correlation analyses presented are limited in the sense that they are based only on correlations of the rank of each hospital. Hence, the exact levels of the point estimates and differences in their precision (mainly due to hospital size) were not accounted for. Another limitation is the fact that data were only available up until 2012 at time of the data extraction. Hence, the data presented here represent an illustration of variations in childbirth care based on historical data. In order for this type of comparative data to be used in continuous benchmarking and improvement, performance data need to be fed back to hospitals quickly so that hospitals can track development and immediately act on signals in recent performance. One documented example of a program to reduce unwarranted variation and increase adherence to evidence-based care is ProvenCare Perinatal, where quick-time data feedback is an integral component. Early experience indicated positive results from the program, including a large decrease in CS rate at one of two studied medical centers (32) . It is worth pointing out that the region with the lowest current rate of CS in our study ( € Osterg€ otland) had a CS rate of almost 19% in 2006 (33) . The largest unit in that region obtained a sharp decrease in CS rate through a structured program including continuous monitoring, organizational changes, and training. No associated increase in the proportion of infants with Apgar score <4 at 5 min was observed (34) .
In concordance with most previously published interhospital comparisons of CS rate we did not distinguish between emergency and elective CS. The main reason is that total CS rate is the most widely used performance indicator. However, given that they may impact outcomes and resource use differently, further research on casemix-adjusted variation in emergency CS and elective CS would be of value. It is also important to point out that although CS rate is a universally accepted indicator of quality in maternity care, it is formally only a measure of the care process. Despite being by far the most studied indicator in childbirth care, it is by no means the only relevant indicator. A broad spectrum of indicators of health outcomes, resource use, care process, and experiences of women giving birth is required to be able to fully describe health outcomes in relation to resource use in childbirth care. Nevertheless, at Sweden's current CS rate, a higher rate of CS would not be expected to be associated with lower maternal or neonatal mortality (4) and our analysis showed no relation between CS rate and proportion of newborn infants with low Apgar. This confirms the result of a previous Swedish study analyzing the relation between CS rate and neonatal mortality on a regional level (2) . Given the evidence that CS is associated with increased morbidity and resource use over time, variations in CS rate between hospitals should be carefully considered and form the basis for a dialogue and best practice sharing between regions and hospitals. This could help to unveil underlying factors that impact differences in CS rates, such as organization, training, and indications for CS.
To conclude, statistically and clinically significant differences in CS rate remain between hospitals in Sweden after adjusting for differences in case mix. This indicates a potential for fewer interventions and lower resource use in Swedish childbirth care.
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